Introduction
The Voyager spacecraft included an instrument called the plasma wave subsystem (PWS). Although the plasma wave instrument was originally designed to study plasma waves, it has also proven useful for studying the dust environment near the outer planets.
During the Voyager 2 flyby of Saturn, Scarf et al. [19821 and Warwick et al. [1982] discovered that the plasma wave and radio astronomy instruments could detect micron-sized particles striking the spacecraft. These dust impacts were subsequently studied in greater detail by Gurnett et al. [1983] , who developed detailed models for the detection mechanism, and Aubier et al. [1983] . Tsintikidis et al. [1994] later improved the model of Gurnett et al. by recalculating the charge collection coefficient, which was highly uncertain in the original study.
The plasma wave instrument detects dust impacts by means of an impact ionization effect. When a small particle hits the spacecraft body at a sufficiently high velocity (i.e., 10 to 20 km/s), the particle and part of the surface material are vaporized and heated to a high temperatures, 105°K.
At this high temperature, the gas is strongly ionized, thereby producing a small cloud [Burns et al., 1984] . A Voyager 2 image led to the discovery of the gossamer ring. The gossamer ring is fainter than its counterparts and extends to about 3.5 Rj [Showalter et al., 1985] . Interest in the Jovian dust environment was recently revived with the Ulysses flyby of Jupiter in February 1992 [Grfin et al., 1992; Baguhl et al., 1993; Hamilton and Burns, 1993; Horanyi et al., 1993] and by the collision of comet Shoemaker-Levy (SL-9) with Jupiter in July 1994 [Griin et al., 1994; .
The purpose of this paper is to report in situ observations of dust in the vicinity of Jupiter using the Voyager 1 and 2 plasma wave instruments. The objectives are (1) to describe the data and the analysis techniques, (2) to derive crucial parameters such as impact rates, number densities, particle masses and sizes, and (3) to briefly discuss the results. Scarf and Gurnett [1977] .
Voyagers I and 2 both crossed the Jovian equatorial plane twice:
once on the inbound pass and once on the outbound pass.
For Voyager 1 the closest approach occurred on March 5, 1979, at a spacecraft event time (SCET) of 1204 SCET and a radial distance of 4.89 Rj. For Voyager 2 the closest approach occurred on July 9, 1979, at 2228 SCET and at a radial distance of 10.11
Rj. Table 1 provides a summary of the basic trajectory parameters for both encounters.
Because of the very high levels of plasma wave noise, no attempt was initially made to study dust impacts, even though it was realized that some impacts were probably present.
A typical dust impact in the PWS wideband waveform data consists of an abrupt voltage pulse with a rise time of a few microseconds, followed by a complex, oscillatory recovery lasting up to several milliseconds (see Figure 4 of Tsintikidis et al. [1994] ).
In all the aforementioned studies, a computer algorithm was used to detect the pulses. and were discarded. It is likely that discharge conditions occur at one or more specific locations on the spacecraft and that the fixed position relative to the PWS antennas would yield pulses of the same polarity for a given discharge site. For the remaining impacts the ratio of the number of negative impulses to the number of positive impulses was 1.06, which is comparable to the ratio of 1.13 tbr Saturn and 0.88 for Uranus [Gurnett et al., 1983; 1987] . anel indicate the data frames analyzed. The impact rate was _ io-I calculated for each 48-second frame for which one or more _ io_2 impacts were observed.
As can be seen, the number of vertical bars is larger than the number of impact rate points: about 20% ._ 1°'3 of the 48-second frames contained impacts. _ 10-4
The maximum impact rate for the Voyager 2 encounter was _ io-5 somewhat less than the impact rate for the Voyager 1 encounter, _ I°-6 about 0.4 s -1. The maximum impact rate occurred when the :_ SCET spacecraft was at a radial distance of about 22 Rj and at a latitude of 1°north.
Again, the majority of the impacts were detected
within one degree of the equatorial plane.
The impact rate reached a maximum value just before the spacecraft reached the southernmost point of its trajectory. The Voyager 2 impact rate profile is shown in the top panel of Figure 3 .
Once the impact rate, R, is known, the particle number density, n, can be derived from the equation U is the relative speed between the particles and the spacecraft. The effective area has been estimated by Gurnett et al. [1983] to be 1.66 m 2. The relative speed did not change significantly from (1) its value during the equatorial crossings as long as the spacecraft were at great distances and within a few degrees of the equatorial plane, which was indeed the case for most of the data analyzed.
The number density profiles are shown in the top panels of
Figures 2 and 3. The maximum particle densities were calculated to be nmax(V1) = 3.4 x 10-5m-3andnmax(V2) = 2.1 x 10-5m -3, 'E for Voyagers 1 and 2, respectively. [ 1995] and are average values for all of the encounters. For a typical Vrm s value of 3.0 x 10 .4 V, the threshold mass, m*, is approximately 1.2 x 10 -11 g. The corresponding particle size is 1.4 #m for an ice particle or 1.1 #m for silicates (density of 2 g/cm3 The tallest vertical line corresponds to an impact rate of 0.9 s -l. The initials I, E, G, C stand for the four Galilean moons (Io, Europa, Ganymede, and Callisto).
wideband receiver, thereby making the dust impacts harder to detect.
Since the data were obtained from only two flybys, the
Voyager observations provide only a limited survey of the Jovian dust environment.
The results of both encounters can be summarized in Figure 4 . The highest impact rates occurred when the spacecraft were close to the equatorial plane and between Ganymede and Callisto. The peak in the impact rates near these large moons suggests that the moons may play a role in the generation of dust, similar to the role that Dione plays at Saturn (Tsintikidis et al. [19951 and references therein) . In general, the Jovian impact rates, number densities, and masses are much smaller than those detected at the other planetary encounters, but the equatorial crossing distances are much greater. For example, at Neptune Rma x was 421 s-l, nma x was 1.1 x 10 -2 m-3, and m* ranged upwards from 10 -t°gm [Gurnett et al., 1991] . On the other hand, the masses of the particles detected are much larger than the particles detected by Ulysses, which fall in the range from approximately 10 -t5 to 10 -t4 gm [Baguhl et al., 1993] , although their distances were a few hundred to a few thousand Jovian radii.
The Voyager observations are particularly important because they were obtained in 1979, well before the breakup and collision of Shoemaker/Levy-9. Given recent reports of Jovian dust storms encountered by Galileo, such baseline measurements may help determine whether the dust detected by Galileo was introduced by the SL-9 collision.
Future work involves determination of the particle sources, the particle size distribution (if possible), and the possible connection with nearby moons and/or Jupiter's faint rings. Galileo arrived at and was inserted into orbit around Jupiter on December 7, 1995. Because Galileo will orbit Jupiter many times, the opportunity exists to sample the Jovian environment with a better spatial and temporal resolution than is available from the Voyager encounters.
Consequently, a more complete picture of the Jovian dust environment will emerge.
